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Introduction
el goeapl all o

Today’s world live an age of continuous scientific progress. Tomorrow's generation needs to be

well prepared with the materials of the future in order to be able to match with the massive progress
of different science. According to this principle, the Ministry Of Education does its best to develop
the curricula via placing the leamers in the position of being explorer to the scientific truth besides,
training the students on the scientific researches as a way of thinking to make the minds the real

materials to the scientific thinking and not to be stores for the scientific facts.

We introduce this book “ Mathematics Applications” for second secondary grade to be assisting
tool to lighten the scientific thoughts of our students and motivate them to search and explore.

In light of what was previously mentioned, the following details have been considered:

% This book contains three domains: mechanics, geometry and measurements and probability. The
book has been divided into related and integrated units. Each unit has an introduction illustrating
the learning outcomes, the unit planning guide, and the related key terms. In addition, the unit is
divided into lessons where each lesson shows the objective of learning it through the title You will
learn. Each lesson starts with the main idea of the lesson content. It is taken into consideration
to introduce the content gradually from easy to hard. The lesson includes some activities, which
relate Math to other school subjects and the practical life. These activities suit the students’ dif-
ferent abilities, consider the individual differences throughout Discover the error to correct some
common mistakes of the students, confirm the principle of working together and integrate with
the topic. Furthermore, this book contains some issues related to the surrounding environment
and how to deal with.

* Each lesson contains examples starting gradually from easy to hard and containing various levels
of thoughts accompanied with some exercises titled Try to solve. Each lesson ends in Exercises
that contain various problems related to the concepts and skills that the students learned through
the lesson.

Last but not least. We wish we had done our best to accomplish this work for the
benefits of our dear youngsters and our dearest Egypt.
























:Unit One

QE:) ]l Km/h = 1 1000 < 100 em _ 250 cm/sec
60 =< 60 sec
@ km/h/sec = 1000 m = m/sec?

6060 sec x sec 18

@ Km/h/sec = 1000 <100 cm _ 23—0 cm/sec?
: 60 = 60 sec x sec

Activity

@ Transfer each of the following units into their corresponding units:

l._ﬁ.:f 72 km/h into m/sec b 1000 cm/sec into km/h (€ ) 36 km/h/sec into cm/sec?

3 Force

Force is defined as the product of the mass(m) with the acceleration (a)
If we denoted by (F) to the force ,then F=m xa

Units of measuring the magnitude of the force

Absolute units:
As: Dyne and Newton, where: 1 Newton = 10% Dyne .and they will define as follow:

Newton: i1s the magnitude of the force that if it is acts on a mass equals 1 kilogram it gains an

acceleration of magnitude 1 m /sec?

Dyne: is the magnitude of the force that if itis acts on amass equals 1 gram it gains an acceleration

of magnitude 1 cm /sec?

Gravitational units:
As: Gram weight (gm.wt) and kilogram weight (Kg wt), where: 1
Kgwt=103 gm.wt.

to
and they will define as follow: the  ground  with
uniform acceleration

Kilogram weight: is the magnitude of the force that if it is acts on @  petween 978. 9.82

mass equals 1 Kilogram it gains an acceleration of magnitude 9.8 m /sec? ~ m/sec? ragardless of their
masses, Counting on

Gram weight: 1s the magnitude of the force that if it is acts on a mass  latitude we will consider
: ; : F the acceleration equals

equals 1 gram it sains an acceleration of magnitude 980 cm /sec?
4 g g g 9.8 m/sec? for case of use

if there is no other values

The Gravitational units joined with the Absolute units by the
relations: 1 Kg.wt= 9.8 Newton and 1 gm.wt =980 Dyne

of it are set.
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Mechanics

According to thatwe can transfer each of the following units into their corresponding

units:
@ 3.14 Newton into Dyne
@ 6.75 x 107 Dyne into Newton

As follow:

(1) 3.14 Newton = 3.14 x 105 = 314000 Dyne
(2) 6.75 % 107 Dyne = 6.75 x 107 x 105 = 675 Newton

@ Activity

@ Transfer each of the following units into their corresponding units:

@ % em.wt into Dyne
(b) 5.36 x 1250 Dyne into Newton

@ 2.50 Newton into Dyne

You can put the derived quantities in the following table as follow:

Derived quantity | Relation with other quantities

Velocity (V) Displacement - time m/s
Acceleration (a) velocity + time m/s?
Force (F) mass x acceleration N

8 Mathematics Applications - Scientific




:Unit One

Check your understanding

Choose the correct answer from those given:
@ Mass 1s measured by:
ﬂ Dyne b Newton c kilogram d kilogram weight
@ From the basic quantities in the international system:
ﬂ Mass b Velocity c Acceleration d Force
@ Millimeter unit is equivalent to:
a ) 103 meter b 10-3 meter cube c 102 centimeter d 104 decimeter
Answer the following questions
Mention the name of the following values
ﬂ 10-2 meter b 10-3 meter c 1000 meter
@ Transfer each of the following into meter:

a 63.4 centimeter b 512.6 millimeter c 0.534 decimeter

al thinking: Calculate in kilogram unit the mass of water that must fill in a container
n a form of cub01d with length 1.6 m ,width 0.650 m and height 36 cm known that the

density of the water equals 1 gm/cm? approximating the result to the nearest integer number.

[Hint: mass = volume x density ]
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The science of the statics concern with on solving all geometrical problems related to the equilibrium of
bodies, the operations of resolving and resultant of the forces acting on a body, and the reaction of the

bodies according to the forces act on it, the life applications in houses, buildings, bridges and the designs
of engines & machines.

Newton has had more researches and books in this field such as the book , athematical Principles of
natural Philosophy which is consisted of three parts and it is the foundation of classical mechanics. One
of his famous sayings about himself.” I don’t know what I may appear to the world but to myself I seem
to have been only like a boy playing on the sea-shore and diverting myself in now and then finding a
smoother pebble or a prettier shell than ordinary, whilst the great ocean of truth lay all undiscovered
before me™.

By the end of the unit the students should be able to:

# Find the magnitude, the direction of the resultant of
two forces act at a point

# Recognize resolution of a given force into two
components in a given directions.

# Recognize resolution of a given force into two
perpendicular components.

# Find the magnitude and the direction of the resultant
of a set forces meeting at a point.

# Investigate equilibrium of a particle under the effect
of aset of coplanar forces meeting at a point.

# Distinguishes between smooth and rough surfaces.
# Identify the concept and properties of friction

# Identify the friction force and the limiting friction
force

10

# Determine the coefficient of the friction, angle of
friction and the relation between them.

# Determine the conditions of equilibrium of a body on
a rough horizontal plane.

# Determine the conditions of equilibrium of a body on
a rough inclined plane.

# Deduce the relation between the measure of the angle
of fraction and the measure of the angle of inclination
of the plane on the horizontal as a body is placed on
a rough inclined plane on a condition that the body is
about to slide under the effect of its weight only.

& Solve life applications on the friction.



> Statics > Force Component > Reaction Normal

: Force > Equilibrium of a body > Static Frictional force al

> Rigid body > Triangle of forces force

> Gravitation force > Lami's rule > Kinetic Frictional force

> Acceleration of gravity > Equilibrium of rigid al force

> Newton body > Limiting Static Friction

> Dyne > Smooth plane > Resultant Reaction

> Kilogram weight > Inclined smooth plane > Angle of Friction

> Gram weight > Centre of gravity > Rough horizontal plane

> Line of action of the > Friction > Roughinclined plane
force > Smooth Surface

> Resolving force > Rough Surface

MaEériaIs

Unit I:essons

lesson (1 - 1):Forces.

> Scientific calculator
lesson (1 - 2):Forces resolution into two components. > Graphical computer programs

lesson (1 -3):The Resultant of caplanar forces meeting at
a point.

lesson (1 - 4): Equilibrium of a rigid body under the effect
of coplanar forces meeting at a point.

@ Charts E)f the unit

Forces Equilibrium of a body
" under the effect of
Conc_epts Pmpgrties Two ;I;Iﬁree Set of on tiie
: J forces forces forces plane

Resultant of forces

Two forces Set of forces Horizontal Rough indined Rough

Friction force coefficient of friction Angle of friction
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» Some basic concepts in

statics

» Properties of a force

» Resultant of two forces
acting at a point.

» Finding the resultant of
two forces acting at a

point analytically

» Force

» Resultant

» Rigid body

» Gravitation force

» Acceleration of gravity
» Newton

» Dyne

» Kilogram weight

» Gram weight

» Scientific calculator

» Graphical programs

Preface:

You knew that statics is one of the branches of

=0

mechanics that studies forces and conditions ~ Scalar quantity is
yeq - . . . determined letel
of equilibrium of material bodies subjected to e S
by a real number

acting forces. We will study in this unit only the (Magnitude) such as

equilibrium of rigid bodiesV). distance, time, mass,

area, volume.

Force Vector quantity is
vl determined by its
Equlibrium or movement of body depends on direction in addifion to

the nature of the mechanical mutual influence  its magnitude

between it and other objects, 1.e on cases of Such as : Force,

. . . displacement, velocity,
pressure or tension or attraction or repulsion of - ¥

the body that occur as a result of this influence.

weight, ...

» Force : is defined as the effect of a natural body upon another one.

Add to your
knowlage

The natural bodies are

Properties of forces:
The effect of any force depends on the

following factors: divided into:
Fi itud - The rigid bodies whose
irst: magnitude of a force. shape does not change
The magnitude of a force is determined by  under the effect of any
force

comparing it by a unit of force, the main units
- The elastic bodies whose

of measuring the magnitude of a force in shape can be reformed

mechanics are Newton (N) or kilogram weight under the effect of forces
(kg.wt) where: asliquids, gazes, rubber,
clayiiii

» 1 Kgwt=1000 gm.wt , 1 Newton = 105 dyne
» 1 Kg.wt = 9.8 newton ; 1 gm.wt = 980 dyne

(unless something else 1s mentioned) (2)

1- Rigid body: A body whose deformation is neglected whatever the action of the external effect.
2- Weight force (weight): it is the gravitational force of attraction between the Earth
and the body with acceleration of changes from position to other on the Earth and its
approximate magnitude = 9.8m/sec? unless something else is mentioned. This topic will

be shown in detail elsewhere in mechanics.




Unit :Unit One

Secondly: Direction of a force Y A

F_%gure (1) represents the force vector -' { » ‘F—
F which could be represented by a _ —

directed line segment Kﬁ where A is its ::;: m::::ls::: P::::::

initial pomt, B is its terminal point. The  makes with the positive

magnitude of the force is determined by  direction of x-axis.

I Kﬁ' Il (its length with a suitable drawing 2 0 »

<

scale). The direction of the arrow is

corresponding to the direction of the
force _1? where 0 is called the polar

angle in the plane of the force _1? . Force

C
®  Figure
. (2)
Thirdly: Point of action of the force and its line of action

In figure (1) : Point A is always coincide on the point of action of the force _1? it is possible to

is written in the polar form as(f, 6)

transfer the point of action of the force to any other point lying on the line of action of the force
without changing in its effect on the body as in figure (2), The line of action of the force _1? m
figure (1) 1s denoted by E 1.e. the line of action of a force, is the straight line which passes
through its point of action and is parallel to its direction. B C

Resultant of two forces acting on one point:

for any two forces acting on a body at the same point
-

there 1s a resultant force R that acts at the same point

and has the same effect of the two forces, it is represented

geometrically by the diagonal of the parallelogram that

represent the two forces by two adjacent sides. — A

In the opposite figure: R 1srepreented by the diagonal of the parallelogran ( OC ), R represents
R SR —_— —_—
the resultant of the two forces F; , F, . ie: R= F + |

Activit
. — Using (GeoGebra) program

—n
F, , F, are two forces at a point on arigid body where F;, =300 Newton, acts in direction of

—a
east, F; =400 Newton acts in direction 60° Northwest. Find their resultant.

» Choose a suitable drawing scale (1 cm for each 100 Newton). North
—_— —_— — F
» Draw OA to represent the force F; such that: | OA Il = 3cm B 1 C

in the positive direction of the x-axis.
» Draw  AOBis the polar angle wherem (.~ AOB) = 120° \
» Draw OB to represent the force ?: such that | Eﬁll =4 cm. Westit——

» Draw the parallelogram OACB,

SO R
"I-‘-

0 A_|_5 Fast

®
o)
Y

Student's book - Second torm secondary




1 - 1 Forces

. A A - - . A
» Notice that the resultant of the two forces F; |, F, is represented by the directed line segment OC

» by using the program we can determine || oC I~ 3.6cm. i.e. R=3.6x100 ~ 360 N
> Notice that: OC inclined by an angle of measure 73° 53 53" with 6&' R makes an angle

of inclination of measure 73° 53 53" with the direction of TT ;

Application on the Activity
@ Use program (GeoGebra) to find the resultant of ?‘; ﬁ- which act on a point an arigid body

where F, =400 N actsin the east direction, F, = 500 N acts in direction 80° north of east.

The resultant of two forces meeting at a point analytically

\ <&==O
i ;
F2 Cosine rule:
o ) in triangle ABC:
F1 A F1 A A
let ¥, , F, be two forces acting at O, 6 is the angle between their /\
. - A A d ﬁ A -
directions. F,, F, arerepresentedby OA , OB | R isrepresented C = B

[ — Y : f
by OC .let O be the angle between R and F, | using the cosine tule, 2= p 4 - 2becosA

we can deduce the magnitude, direction of _R.T- as follows:

F, sin &
F,+F, cos &

RZI/FT+F:+2F1FECOSQ ) tan@:

where: F, , F,, R are the magnitudes of T;- , ?; , TQ‘ respectively.
Think : How can you investigate the truth of the previous relations ?

Example

f]? Two forces of magnitudes 3, 3 ¥ 2 newton act on a particle and the measure of angle between their
lines of action i1s 45°. find the magnitude of their resultant and the measure of its inchnation angle
with the first force.

©» Solution
let: =3 . E=347 , a=45°

R:JFT+ F22+2F1cmosa
R=y G2+B¢2)+2x3x3 472 cosd5

:j9+18+181/7><1,,1T = /45 = 3 45 Newton
ctan @ = —fosind ctan 0 = 342 xsin45 =1
F,+F, cos o 3+342 cosd5 2

Using the calculator : m(L B)=26"33" 54"

1 4 Mathematics Applications - Scientific



Unit :Unit One

Another solution for the second part of the example : B

: i e
Notice that: the opposite figure F, , F, are represented by the

triangle OAB

where /0, is the angle of inclination of line of action of

—- — o o >

F, with theresultant R , / 92 is the inclination angle ?“" A
1

of line of action of ?‘; with the resultant R . using the sin law

Remember that: sin (180° — &) = sino;

R
then: L - B - where & = 6, + 6,
sinf; sinf@, sinQ

This rule is used to find the measure of the inclination angle of the resultant R with each of

Fl ) Fz

from the previous example:

To find the measure of the inclination angle of R with F, we use the rule: —2—= —
3/7 _ 343 sinf,  sin
" sinh,  sin45
s 342 xsind5°
sinf, = —=—ro—

The measure of the inclination angle of R with TT equals 26° 33~ 54" as the same result as
we get before.

Notice : we can use this method in solving exercices.

ﬂ Try To Solve

@ Two forces of magnitudes 10, 6 newton act on a particle and the measure of the angle between
their directions is 60°. Find the magnitude of their resultant, and its angle of inclination with
the first force.

Critical thinking: Find the magnitude and the direction of the resultant of two forces TT,

T: in the following cases:

1- The two forces are perpendicular.

2- The two forces have the same magnitude.

f;gﬂ; Find the magnitude, and the direction of the resultantof F, , F, in 0

each of the following cases:

Example

A F, = 5newton , F,= 12 Newton and the angle between their ¥ F; L F, then :

lines of action is 90° R=4 F}+F;

B F, = F, = 16 newton, the measure of angle between their tan@:-FL

directions equals 120° F)
@& Solu‘lioL .
A F, , F, are perpendicular, then m(,/ @) = 90", then: sin (&) =1, cos (&)= 0
R={ F+F , SR=4 52+12? = 13 Newton

Student's book - Second torm secondary 1 5




1-1

Forces

let © be the measure of the angle between =, F, : tan0 = 5o Sl %
1

.0 =tan! (12)= 6722 49" .-, the inclination angle of R on F equals 67° 22" 49"

B) - R= Ji: f+2F, Fycos substitute by F; = F, = 16
S R=y (16)2+16)2+2x16x16cos120 =16N i
we notice that: I, = F, = R= 16 N and the resultant force -
bisects the angle between the two equal forces i.e. R F &
mnclines by an angle of measure 60° with the line of action ;
of each force.

I
' : a 7R o
Notice that: From the geometry of the figure : Cos 5 i R = 2F cos B

ﬂ Try To Solve
@ Find the magmtude and the direction of the resultant of Fr ' ?‘; 1 each of the following cases:

A F, = 45 newton, F,=6 newton and the measure of the angle between them equals 90"

B F, = F, = 12 newton, the measure of the angle between their lines of action equals 60°

Special cases:
1- If the two forces have the same line of action and the same direction:
» In this case: m(/ &) = 0; cos & = | and by substitution i il
i the resultant rule, we will find that: R = F, + F,, the :F’ :F‘
direction of the resultant 1s the same direction as the two
forces, In this case R is called the maximum magnitude of the resultant.
2- If the two forces have the same line of action and opposite directions:
» Inthiscase: m( )=180"; cos = - | and by substitution E, ™\ .;F1

i the resultant rule, we will find that: R = [F; - F,l and - H
TR actsin direction of the force or large magnitude, R is

called the minimum magnitude of the resultant.

Example: Find the magnitudes of the minimum and the maximum magnitude of the resultant of
the two forces of magnitudes 4 , 7 newtons.

» Maximum magnitude = Ry, = 4+ 7 =11 newton  acts in the direction of the two forces.

» Minimum magnitude = Ry, = |4 — 7I=3 newton actsin direction of force of magnitude

7 newton.

i

& ) Example

,3 Two forces of magnitudes ¥, 4 newton act on a particle and the measure of the angle

between their directions is 120°, the magnitude of their resultant equals 4¢3 newton. Find

3 i e . —
the magnitude of F and the measure of the angle that R form with F .

1 6 Mathematics Applications - Scientific



Unit :Unit One

©» Solution
Substitutingby: F, = F, F, =4, R=4y3 , a = 120°

in the rule : R2 = F12+ F:+2F1cmos(x

o (44 3)2=F2+ (4)2+ 2 xF x4 cos 120°
“F2-4F -32=0 ie: (F+ 4) (F-8) =0, then F=8newtonor F=-4(refused)

To find the angle between T , R we will use the rule: tanf = Ky SImix
. _ 4xsin120 _ _1 fi-Bacoscr
. tan 6 = e ——
8 + 4 x cos120 ¥ 3
s I i,
. R make an angle of measure 30° with F,
©» Another solution for the second part:
i —_— ) ) F, R
To find the angle between F , R we will use the sine rule: = —
A T sinf,  sin0
" sin 0, ~ Sin 120
sin 0, = % by reducing and simplifying
e —_—

R makes an angle of measure 30° with F

B Try To Solve

@ Two forces of magnitudes 6, F Kg wt act on a particle and the measure of the angle between
them 1s 135°. Find the magnitude of the resultant if the line of action of the resultant make
an angle of measure 45" with the line of action of the force whose magnitude is F

Verbal Expression: Find the resultant of two forces of equal magnitudes if they have the same

line of action and act in opposite directions.

Exercises (1-1)

Complete the following:
@ The effect of a force on a body 1s determined by the following: ... .. ...

— —

@ Thevectotof themsultait et thigtwoTorces B . B 18800l e
@ The maximum value of the resultant of two forces of magnitudes 4, 6 Newton meeting at
apoint equals .
@ The minimum value of the resultant of two forces of magnitudes 5, 9 Newton meeting at a
O T TS e i S S S S
@ 2, 3 Newton are two forces, if the angle between them is 60°, then the magnitude of their
resultant equalS

Choose the correct answer from those given:

@ The magnitude of the resultant of the two forces of magnitudes 3, 5 newton and the measure
of the angle between them is 60° equals
AJ2N (BI6N (a)7N (D8N

Student's book - Second form secondary 1 7




1 - 1 Forces

@ Two forces of magnitudes 3 , 4 N act on a particle and the magnitude of their resultant is
5 N, then the measure of the angle between them equals
A 30° B) 45° al 60° D) 90°

Two equal forces, the magnitude of each of them is 6 N, the magnitude of their resultant is

6N, then the angle between them equals:
(A) 30° B) 60° () 120° D) 150°

@ Two forces of magnitudes 3, F Newton and the measure of the angle between them 1s 120°.

If their resultant 1s perpendicular to the first force, so the value of Fin Newton is
AllS5 B3 al3y3 D)6

@ If the two forces 6 , 8 N are perpendicular then the sine of the angle of inclination of their

resultant with the first force equals:

.A.i B'.i a
5 5 ;

Answer the following questions:

D

e
ST

@ Two forces of magnitudes 5, 10 Newton act on a particle and the measure of the angle
between them is 120°. Find the magnitude of their resultant and the measure of the angle

made by the resultant with the first force.

@ Two forces of magnitudes 3, 342 kg wt act on a particle and the measure of the angle

between them is 45°. Find the magnitude and the direction of their resultant.

@ Two forces of magnitudes 15, 8 kg.wt act on a particle. If their resultant equals 13 kg.wt,

find the angle between the two forces.

@ Two forces of magnitudes 8 , F Newton act on a particle and measure of the angle between
them is 120° . If their resultantis F 43 N, find the magnitude of F

@ Two forces of magnitudes4 , F Newton act on a particle and the measure of angle between
them 1s 135°, If the direction of their resultant is inclined by an angle of measure 45° on E
Find the magnitude of E

@ Two forces of magnitudes 4, FNewton act on a particle and the angle between them is 120°.
If their resultant is perpendicular to the first force, find the magnitude of E

@ Two forces of magnitudes F, F 43 Newton act on a particle. If the magnitude of their

resultant is 2F Newton. Find the measure of the angle between the two forces.

Two forces of magnitudes 12 , 15 Newton act on a particle and the (cosine) of the angle
A
5
of inclination of the resultant to the first force.

between them equals ——. Find the magnitude of their resultant and the measure of the angle

@ Two forces of same magnitude F kg wt enclose between them an angle of measure 120°. If

the two forces are doubled and the measure of the angle between them became 60°, then the

1 8 Mathematics Applications - Scientific




Unit :Unit One

magmnitude of their resultant increases by 11 k.g. wt than the first case . Find the magnitude of E

@ Two forces of magnitudes 12, Fkg wt act on a point. The first force acts in direction of east
and the second force acts in direction 60° south of the west. Find the magnitude of F and
the magnitude of the resultant if it is known that the line of action of the resultant acts in the
direction 30" south of the east.

@Fl , F, are two forces act on a particle and enclose between them an angle of measure 120°
and the magnitude of their resultantis 419 N | if the angle between them becomes 60° ,then
the magnitude of their resultant becomes 7 newton. Find the value of each of F,;, F,.

@ Two forces of magnitudes I, 2F kg wt act on a point, If the magnitude of the second force
is doubled, the magnitude of the first force is increased by 15 kg. wt and the direction of their
resultant doesn’t change. Find the magnitude of F

Student's book - Second form secondary




Forces resolution

We will Iearn‘

» Resolution of a force
into two given direc-
tions.

» Resolution of a force
into two perpendicular
directions.

Key - term ‘

» Force Component
» Triangle of forces

» Centre of gravity

Matrials

» Scientific calculator.
» Computer - graph

programs.

Preface:
Resolution of a given force into components, generally means finding
a group of forces where the known force represents their resultant. We

will only study the resolution of a force into two known directions.

Resolution of a force into two given directions

Fignre (1): shows resultant vector R which B , C

is required to be resolved into two components

—_—n i i i — — .

F, , F, inthetwodirections OA, OB which

make angles of measure 0, , 6, respectively

with R F1
figure (1)

E2

Figure (2): shows triangle of forces where
AC = OB

(From the properties of parallelogram)
and by applying Sine rule:

R
sin (0, + 0,)

> F] - F:]_

sin 6,

sin 0,

figure (2)

» Notice that : sin (180 - (6,+ 6, ))=sin (6,+6,)

Q Example

@ Resolve a force of magnitute 12 newton into two components:
inclined to the force by angles of measures 60°, 45° in two different

sides of it. ( Approximate the result into 4 decimal places)

©» Solution - -
by applying sine rule: F2
FF_ F, _ 12
sin45°  sin 60°  sin 105° 60 .
.. F} = sin 45" x L ~ 8.7846 newton F1
sin 105°
F, = sin 60° x L ~ 10.7589 newton

sin 105°




Unit :Unit One

ﬂ Try To Solve

@ Resolve a force of magnitude 36 newton into two component inclined to the force by angles

of measures 30° , 45° in two opposite sides of the force.

Example

life applications
{D: A lamp of weight 20 newtons suspended by two

metal rods AC : BC inclined to the horizontal by

two equal angles, the measure of each is 5°.

» Resolve the weight of the lamp into two

. - . — ﬁ
components in the direcion AC, BC

approximating the result to the nearest newton.

Solution
The force of the weight (20 newton) 1s represented by a vector act vertically downwards,
starting from the point c, resolve the weight vector into two components as follow:

W, -_W, 20 then:

sin8° sin8° sinl70°

W, = W, =20 x sin85°  From that we get:
sin 170 °

W, = W, = 11473713 =~ 115 newton.
Critical thinking: What happens to the magnitude of the components of the weight in the directions

of the two metal rods if the measure of the inclination angle to the horizontal decreated to be

smaller than 5°? And what do you expect to the components when the rods become horizontal?

Justify your answer. Vertical

E' Try To Solve F, =
@ In the opposite figure:

Resolve the vertical force of magnitude 120gm. wt

into two components one of them is the horizontal
and the other inclined by an angle of measure 48°

120
to the line of action of the force.

Resolution of a force into two perpendicular directions

A
If R actsona particle (O) as in the opposite figure and their
) —_ —_ B ¢
perpendicular componentsare F, , F, where F; isinclined —R‘"
-
by an angle of measure 6 with T , then the parallelogram  F, 1 0
will be a rectangle ACBO, by applying sine rule on triangle o
OAC then; 0 ?’- A
1
> —n K _ R .k __F _Rr
sin(90° - 0) sin @ sin 90° cos 6 sin 6
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Forces resolution

and hence we deduce that:

» F, (magnitude of the component in a given direction) = R cos 6

» F, (magnitude of the component in the direction perpendicular to the given direction) = R sin 6

‘s Example

f3x Resolve aforce of magnitude 18 newtoninto two perpendicular
components where one of them inclines to the force by an

angle of measure 60°.

©» Solution
Fi= 18cos60® = 18 x % = 9newton
F,= 18sin60 = 18 x J_% = 943 newton.

El Try To Solve

r

00

@ Resolve a force of magnitude 6 4 2 newton that acts in the north-east direction into two

components one of them acts in the eastern direction, the other in the northern direction.

Inclined Plane

It is a surface that inclines to the horizontal plane by and angle whose measure is 6, 0<9<% as

shown in the opposite figure

The line of the greatest slope is the line lie in the inclined plane orthogonal to the line of

intersection of the inclined plane and the horizontal plane the blue line in the given figures, if we

denote to its length by (s), height of the inclined plane by (h), angle of inclination to the horizon

by (), then sin 6= L.

Such that : (h) represents the
distance between the Pomnt A and the
horizontal, (S) represents the distance
between the point A and the line of

intersection between the inclined

plane and the horizontal plane.

o=

o Example

';4‘ A body of weight 6 newton is placed on a smooth plane inclined to the horizontal by an angle

of measure 30°. Find the components of the weight in the direction of the line of the greatest

slope and the direction normal to it.

©» Solution
Figure (1): shows the force of the weight of magnitude
6 newton which acts vertically downwards, ?;‘ 1s the
component of the weight in the direction of the line of the

greatest slope of the inclined plane downwards, T‘; is the
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Unit :Unit One

second component which acts normal to the plane downwards.

(Tr) : the component of the weight on the direction of the line of the greatest slope.
ie:F,=6sin0,

=6 Sin30" = 6 x % =3 Newton

( F, ) :the component of the weight acts normal to the plane downwards:

ie:F,= 6 Cos0

— 6 Cos30° = 6 x %: 343 Newton

Verbal Expression: Are the 2 components of force smaller than the force T Itself? Explain

your Answer?.

ﬂ Try To Solve
@ A rigid body, the magnitude of its weight is 36 newton is placed

Rigid body's center of gravity
: . . ; Is the point where it always
on a plane inclined to the horizontal at an angle of measure 60°. the vertical line passing
through the suspension
point when the body is
plane downwards and the direction normal to it. RE e Bk Gl JInE o
, for example:

(1) The center of gravity
of a spherical regular
homoginious body is the

Complete the following: ﬁ;’:i;:::;f R

Find the two components of the weight in a direction parallel to the

Exercises (1-2)

. g . 2) The center of gravity of
@ A force of magnitude 6 Newton acts in direction of North. It 1s :l]md:;e:e:d:, ‘;:f‘g;;

and density is the midpoint

resolved into two perpendicular components, so its component in P
(1) a "

direction of the Eastequals ... Newton.
@ A force of magnitude 4 42 newton acts in direction of East. It is resolved into two

perpendicular components, so its component in the direction of Northern East equals ...

o Newton. ——to
F,
@ In figure (1):
If the force R isresolved into two components F, , F, which 45 _—R‘-

make with the force _R‘ two angles of measures 30°, 45° from

different directions of its line of action, II_REII = 12 newton, Figure I
S Bmne NEWI:;, B Suwmmaummennne DISWIOT: (1) 1
@ In figure (2):
—_ ) —_ — o~
If the force R 1isresolved into two components F, F, R

?: which make with the force R two angles of

measure 45°, 90° from different directions of its line of
action and IIT?II = 18 Newton, So: F; =......... Newton, F,
F,= ... .. Newton

2 (2)
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